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SUMMARY OF ACCOMPLISHMENTS 


Western Wheat Quality Laboratory 
1988 Crop 


The milling and baking quality of 3076 experimental wheat germplasm lines (F,, and later) 
grown in the Western United States in the crop year 1988 were evaluated. These 
included 844 from WA, 766 (OR), 158 (ID), 542 (CA), 112 from western regional nurseries, 
91 from commercial breeders, and 563 for other researchers, export cargos, and harvest 
survey projects. Evaluation criteria used to determine acceptable quality were standard 
tests for flour yield, protein, ash, and color; cookie diameter, bread loaf volume and 
crumb grain; dough mixing requirements and water absorption; Japanese sponge cake 
volume and score; and Udon noodle yield and score. About 25% of these samples were 
judged as having promising overall quality to fit their proper market class. Studies 
included materials developed for snowmold, dwarf bunt, foot rot and other disease 
resistance as well as various crop management practices. and salinity stress tolerance. 
These wheats represent new germplasm with potential improvement for both resistance 
to agronomic production hazards and desirable quality for domestic and export markets. 
Results were provided to each cooperator, as completed. Copies of these data are 
provided here in Nursery Codes #1 through #99. See the Index of Nurseries for nursery 
title, location and breeder. 


In cooperation with the Pacific Northwest Grains Council (PNWGC), milling and baking 
evaluations were made on commercial composites representing the 1988 wheat crop of 
WA, OR, and ID. The data were used in their marketing brochures. See Nursery Code 
#05. 


Also in cooperation with the PNWGC, 12 advanced experimental wheat selections were 
pilot milled and sent to a group of collaborators for evaluations. Collaborators include 
4 mills in Japan, 2 in Korea, 1 in the Philippines, 1 in Morocco, 1 in Egypt, and 11 
domestic milling and baking firms. Results of our analyses are in Nursery Code #91. 
Final publication of all collaborator results were assembled and published as the 78th 
Annual Report-1988 Crop-PNW Grains Council Collaborator Tests. 


In cooperation with U.S. Wheat Associates, Inc., we again participated in a Western White 
Export Cargo analysis project. A set of samples (55) was collected from out-going 
cargos and is reported as Nursery Code #73. Other groups of 55 samples were 
collected and are reported as Nursery Codes #93 and #99. The object of the cargo 
sample project was to follow the end-use qualities of export shipments through the 
marketing year. Results show a high degree of uniformity. 


In cooperation with Nisshin Flour Milling Company, Japan, and U.S. Wheat Associates in 
Tokyo, we evaluated 23 soft white wheats which represented current varieties. These 
samples were collected with their varietal identity preserved at sites in OR, ID, and WA. 
The objective was to determine the variability in functional baking quality of Japanese 
products within a variety and among locations. This was the third year of a 3-year study. 
Data are presented in Nursery Code #04. 
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A second year of analyses comparing western soft white with eastern soft red winter 
wheats was done. As with last year, the prominent cultivars from each region were grown 
in nurseries both here and there (Ohio, Michigan and Indiana). The study is shared by 
the ARS, Soft Wheat Quality Lab at Wooster, Ohio. Objectives were to determine if the 
eastern wheats yield softer textured baked products. To date, it appears the cultivars are 
not different when grown in the same environments. Both classes seem to be softest 
when grown in the eastern region. Data from the Western Wheat Quality Lab are 
presented under Nursery Code #95. Data from the Soft Wheat Quality Lab were not 
available for inclusion in this report at the time of publication. 


The milling and baking properties of an additional 1400 early generation samples from 
the 1988 crop breeding programs were also evaluated. These experimental wheats 
resulted from crosses aimed at developing resistance to snow mold, foot rot, dwarf smut, 
rusts, and adaptability to various crop management practices, and represent all classes 
grown in the region. Tests used to characterize end-use quality were flour yield, break 
flour yield (Soft wheats), kernel hardness, flour protein, mixograph, water absorption and 
dough properties, and alkaline water retention capacity. About 25% (340) were scored 
as promising to meet the overall quality of their market classes. About 1,000 micro (10-g) 
F, samples were also evaluated for milling quality. Crosses made to germplasm sources 
for sprouting resistance were analyzed for alpha-amylase activity. No data are included 
here, it was sent only to the breeder who submitted the samples. 
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INTRODUCTION 


This is the Forty-first Annual Report of the Western Wheat Quality Laboratory of 
cooperative investigations with breeders, geneticists, pathologists, and other scientists to 
evaluate the milling and baking quality characteristics of experimental wheat selections 
grown and harvested as the 1988 crop. These investigations include several market 
Classes and sub-classes of wheat that are commercially grown in the Pacific Northwest 
and the Western region and relate to wheat quality for commercial production and 
consumer acceptance. These studies deal with the physical-chemical flour properties 
associated with a cultivar’s suitability for commercial pastry, noodle, and bread products. 


The data have been arranged by nursery (NURSCO, see Index of Nurseries, pages 
17-19) and the varieties and selections are listed in the tables in order of their assigned 
laboratory number (LABNUM). Mixograms were run on all samples evaluated, but none 
were reproduced for inclusion in this report. Alternatively, each mixogram was 
characterized by type as described in the Methods section. A description of all methods 
used to determine physical/chemical, milling, and baking quality is provided in the 
Methods section. 


Several changes in the format of the Annual Report have been implemented, perhaps 
most noticable a conversion of much of the introductory sections to computer soft fonts. 
Also the order of some of these sections has been changed. All data tables listed by 
Nursery Code are unchanged in format. 


Gordon L. Rubenthaler retired as director of the lab in June of 1989. Herb Jeffers served 
as interim director until November 1989 at which time Craig F. Morris was hired. 
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DESCRIPTION OF ABBREVIATIONS 


A computer program stores, calculates, retrieves, and tabulates the milling and baking 
data contained in this report. The following is a list of abbreviations used as column 
headings in the tables of data. Refer also to the Methods and References sections for 
more detailed explanations of data generation. 


BABS 
BABSC 
BCRGR 
CAVOL 
CODI 
CODIC 
FABS 
FABSC 


FASH 
FMIST 


Bake water absorption (percent by weight, corrected to 14% moisture 
basis) 

Bake water absorption corrected (BABS corrected to the mean protein 
of the nursery) 

Bread crumb grain rating code (see Table 1, page 3) 

Japanese sponge cake volume (cc) 

Cookie diameter (cm) 

Cookie diameter corrected (CODI corrected to the mean protein of the 
nursery--see Table 2 or 3, pages 3 and 4) 

Farinograph water absorption (percent by weight, corrected to 14% 
moisture basis) 

Farinograph water absorption corrected (FABS corrected to mean protein 
of the nursery) 

Flour ash (percent by weight, corrected to 14% moisture basis) 

Flour moisture (percent by weight) 

Farinograph mixing peak time (minutes) 

Flour protein (percent by weight, corrected to 14% moisture basis) 
Farinograph stability time (minutes) 

Flour yield (percent flour by weight of grain) 

Cl, Pl or selection identification number 

Laboratory number (first two digits indicate the crop year) 

Bread loaf volume (cc) 

Bread loaf volume corrected (LVOL corrected to the mean protein of the 
nursery--see Table 2 or 3, pages 3 and 4) 

Mixograph absorption (percent by weight, corrected to 14% moisture 
basis) 

Mixograph absorption corrected (MABS corrected to the mean protein of 
the nursery) 

Milling score (see Methods) 

Optimum bread dough mixing time 

Mixograph type (see Mixograph Reference Chart, pages 12 and 13) 
Noodle score (scale 1-100, see Methods) 

Nursery code number (located in the upper left corner of the tables) 
Noodle yield (weighted score assigned to WTIN) 

Remarks (P=poor, Q=questionable) 

Sponge cake score (scale 1-100, see Methods) 

Test weight (Ibs/bu, after scouring and cleaning) 

Brookfield viscosity (observed x 7.5 for a predicted McMichael Viscosity) 
Brookfield viscosity corrected (VISC corrected to the mean protein of the 
nursery) 
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WDSI 
WFN 
WMIST 
WPROT 
WTIN 


Wheat Cibacron blue dye test for alpha-amylase 

Wheat Falling Number test for alpha-amylase 

Wheat moisture (percent by weight) 

Wheat protein (percent by weight, corrected to 14% moisture basis) 
Noodle weight increase (percent water uptake after cooking) 


Table 1. Code, meaning and abbreviation for bread crumb grain rating code (BCRGR). 


CODE MEANING ABBREVIATION 

1 Excellent (S*) 

2 Satisfactory (S) 

3 (Intermediate) (Q-S) 

4 Questionable-Satisfactory (Q-S) 

5 (Intermediate) (Q-3) 

6 Questionable (Q) 

7 (Intermediate) (Q-¥) 

8 Questionable-Unsatisfactory (Q@-U) 

9 Unsatisfactory (U) 


INTERPRETATION OF DATA 


As in the past reports, evaluations are based on the results of the tests after adjustment 
to an average protein content of the nursery using correction factors derived from several 
years of data on particular varieties and/or classes of wheat. These correction factors 
and scale for ranking codes can be found in the following tables. 


Table 2. Market class, bread loaf volume and cookie diameter correction factors for each 
1% protein difference from mean nursery protein for various classes and sub-classes of 


wheat. 


CLASS LOAF VOLUME COOKIE DIAMETER 
CC cm 

SWW 60 .110 

SWS 60 .110 

CLUB 55 2071 

HRW 62 080 

HRS 62 .080 

HWW 62 .080 

HWS 62 080 
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Table 3. Computer system variety number (VTN), variety, bread loaf volume, and cookie 
diameter correction factors of 23 common wheat varieties. 


VIN VARIETY LOAF VOLUME COOKIE DIAMETER 
cc cm 
1 Anza 61 0 
2 Burt 51 .078 
5 Coulee 76 .070 
4 Fortuna 64 0 
5 Gaines 38 .136 
6 Hyslop 0 SLs, 
L Inia 66 68 0 
8 Itana 60 0 
9 Kharkof 57 0 
10 Luke 0 .085 
11 Marfed 61 .098 
12 McCal] 52 0 
13 McDermid 0 .106 
14 Moro 0 094 
|b} Nugaines 62 .118 
16 Omar 0 .083 
17 Paha 0 .037 
18 Sprague 0 .062 
19 Springfield 0 042 
20 Twin 0 .149 
21 Yamhill 0 124 
22 Wanser 69 0 
23 Wared 62 0 


NOTE: Use of tables 2 and 3. If variety name is not found or if the value is zero in 
Table 3, then the correction factor for class of sample in Table 2 is used. 


eitioce bts .emiay teal beer sos ts tena aaa 
selonay Rar nommnoe BS to avalos ne 


Pee a 


9 


gia. 


bi 
FRG 
eli 
FEO 


tes, 
$43. 
Spo. 
eh, 
PSI. 


0 
0 


ni ones si oulav ect % 10 beuol ton ai emen yehav © oe sl 
Dae SS ORRF ORRIN Kinane ie ee OURO 


[2 
{2 
ey 
a 
td 
0 
83 
09 
2 
0 


—o 
ov 


* peoococopesy 
a ao oO 








veer 










rerencaran 
=e _ 7 a : 7 






vias = SGRSESE 


METHODS 


Sample Preparation: All wheat samples are fumigated when received with 850 cc methyl 
bromide/50 gal. drum overnight and then aerated, cleaned, scoured, and sub-sampled 
for proximate analysis. 


Test Weight (TWT): Determined by AACC Method 84-10 (1). 


Buhler Milling: All of the samples of advanced and regional nurseries are milled on a 
Buhler pneumatic laboratory mill (Fig. 1). The samples are tempered to a predetermined 
moisture content ranging from 14.0% to 16.0%, depending on the hardness and known 
flour-bolting properties. The harder wheats require more water. Thus, the grain is 
conditioned so that the most rapid and complete separation of endosperm can be made. 
The temper water contains a wetting agent (0.1% Aerosol OT) to hasten moisture 
penetration. The wheat is allowed to temper for 16-24 hours before milling to permit 
uniform distribution of the moisture. An additional 0.5% water is added 15-20 minutes 
prior to milling. The first and second break and first and second reduction streams 
predict long patent flour yield. All six flour streams are then combined to make a straight- 
grade white flour by sifting on a 120 stainless steel wire screen and thoroughly blending. 


Flour Yield (FYELD): The percent by weight of the total products recovered as straight- 
grade white flour. 


Milling Time: The time required in minutes to mill a 2-kg sample with the Buhler 
experimental mill and obtain a normal separation of bran, shorts, and flour. Time is 
dependent on adjustments made by an experienced miller after visually observing the 
milling properties. 


Milling Score (MSCOR): Calculated as follows: 


MSCOR = 100 - [(80 - flour yield) + 50 (flour ash - .30) 
+ 0.48 (milling time - 12.5) + 0.5 (65 - percent long patent) 
+ 0.5 (16 - first tempering moisture)] 


Modified Quadromat Milling: The preliminary nurseries (500 g) are experimentally milled 
on a Quadrumat System as modified by Jeffers and Rubenthaler (11). The procedure is 
described in the 27th Annual Report, Oct. 1976 (Pgs. 1-14). Conversion of the data to 
give a predicted Buhler flour yield and milling score are done with the following linear 
equations: 


Predicted Buhler Milling Score 


Soft Wheat (y = -21.60185 + 1.27367 x) 
Hard Wheat (y = - 3.43818 + 1.0448 x) 
where, y = Predicted Buhler flour yield 
and x = Original Quadrumat flour yield 
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Micro Milling: Grain samples (5-10 g) from single plant selections are tempered to 14% 
moisture and milled on the micro mill. The micro mill consists of two pairs of corrugated 
rolls and double sifters with 38- and 135-mesh stainless steel screens. The bran over the 
38-mesh screens is evaluated for milling properties by visual examination for the degree 
of bran clean-up. The throughs of the 135-mesh stainless steel screen, of those samples 
considered to be good milling types, are examined for flour quality by means of the 
Modified Micro Sedimentation Method (12). Protein and lysine are determined on these 
materials by NIR analysis (17). A schematic flow diagram of the micro mill is shown in 
Fig. 3 (2,13). 


Semi-Micro Flour Quality Tests: Wheats milled on the Modified Quadromat mill with 
unsatisfactory milling properties are discarded. Those that give satisfactory flour yields 
are evaluated by the following tests: NIR protein, mixograph (3,9), and AWRC test (14,18) 
to distinguish whether they fit the sub-class of club or soft common and/or hard wheats. 


Wheat Moisture (WMIST) & Flour Moisture (FMIST): The reference test uses 2 g of 
ground wheat in an aluminum moisture dish heated in a forced draft oven for 40 minutes 
at 140°C, allowed to cool in a desiccator and weighed. Flour moisture is determined in 
the same manner except that it is heated only 20 minutes (1, Method 44-16). The NIR 
(Technicon 400) is routinely used as calibrated to the above method. 


Wheat Ash and Flour Ash (FASH): The ash from a 4-g sample of wheat meal or flour 
heated for 15 hours at 550°C in a muffle furnace (1, Method 08-01). 


Wheat Protein (WPROT) and Flour Protein (FPROT): The protein content of the 
samples is determined by the NIR method, and checked (about 10% of the material) by 
the Kjeldahl method (1, Method 46-12). 


Alkaline Water Retention Capacity (AWRC): The percent increase in weight of 7.5 g of 
flour due to absorption of water from 35 mi of 0.1 normal NaHCO, solution after 
centrifugation (18) (1, Method 56-10 with proportionate increase to 5 g flour). 


Viscosity (VISC): Dial reading x 7.5 of a RVT Brookfield Synchro-Lectric Viscometer 
fitted with a No. 2 spindle at 50 R.P.M. using a suspension of 20 g of flour in 100 ml of 
water and 7 ml of 1 N lactic acid (15). 


Farinograph: The Farinograph is equipped with a 50-g bowl and the Constant Flour 
Weight procedure (14% moisture basis) is employed (1, Method 54-21A). 


Farinograph Absorption (FABS): The amount of water required to center the highest 
portion of the Farinograph curve on the 500 unit line. 


Farinograph Mixing Peak Time (FPEAK): The time interval, in minutes, from the first 
addition of water until the curve reaches its maximum height. 
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Farinograph Stability Time (FSTAB): The number of minutes the top of the curve remains 
above the 500 unit line when the highest portion (peak) is centered on the 500 unit line. 


Cookie Baking: The micro method employs 40 g flour at 25% absorption, 60% sugar, 
30% emulsified shortening, 3% dry skim milk, 1% NH,HCO,, 1% NaCL, and 1% NaHCO, 
and 0.24% emulsifier (distilled monoglycerides). 


Cookie Diameter (CODI): The average diameter, in centimeters, of cookies baked on two 
separate days. 


Bread Baking: An optimum absorption, optimum mixing, optimum bromate, 100 g flour, 
90 minute fermination straight dough method using 1.8% dry yeast, 1-1/2% salt, 6% 
sugar, 0.3% malt extract, 4% dry milk solids, 40 ppm ascorbic acid, and 3% 
hydrogenated shortening (5,6,7,10). 


Bake Water Absorption (BABS): The amount of water required to make a dough of 
proper consistency for bread baking when mixed to optimum conditions as judged by 
an experienced baker using the baking method described above (4). 


Mixing Time (MTIME): Time in minutes required to mix the flour and the other bread 
dough constituents to the optimum condition as judged by an experienced baker (5). 


Optimum Bromate: The amount of potassium bromate required to produce the optimum 
break, shred, crust, and grain characteristics of the loaf of bread (5). 


Loaf Volume (LVOL): Volume displacement of canola seeds (cc). 


Bread Crumb Grain (BCRGR): Subjective judgement of crumb grain quality as judged 
by an experienced baker. 


Flour Color: The slurry method using 20 g of flour, 25 ml of water, stirred for 2 minutes 
with a glass stirring rod fitted with a 11 mm policeman, and allowed to stand for 5 
minutes. Reading is taken on an Agtron (F,) calibrated with standard color discs 
#63 = 0 and #85 = 100. 


Japanese Sponge Cake Baking: 100g flour, 100 g sugar, 100 g fresh egg, 40 g water 
(16). 


Cake Volume (CAVOL): Volume displacement of canola seeds (cc). 
Sponge Cake Score (SCSOR): Additive score of texture, volume, external factors and 
crumb grain (open-ended). The standard flour produces a cake with a score equal to 


80. 


Udon Noodle Making: 300 g flour, 6.0 g NaCl, 96 g water with dough sheet and 
noodles prepared with an Otake Laboratory Noodle Machine (16). 
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Noodle Score (NOSCO): Additive score incorporating raw and cooked noodle color, 
yield and texture. 


Noodle Weight Increase (WTIN): Percent weight increase of cooked noodle relative to 
raw noodles. 


Mixogram: Used to characterize wheats as to market class and estimate mixing and 
baking properties of flours. The 10-g instrument is used and the testing procedure and 
interpretation of K.F. Finney (9) is followed. To reduce the time and expense involved in 
reproducing the mixograms, a reference chart was developed to characterize each curve 


as to type ranging from very weak to exceptionally long and strong types. The chart and 
instructions for its use are found on pages 12 and 13. 
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MODIFIED QUADRUMAT SR. 
MILLING PROCEDURE 


TEMPERED 
WHE AT 
© Ome oo 


: Mime ey | 
BRAN FLOUR SHORTS 
BREAK UNIT REDUCTION UNIT 
BRABENDER QUADRUMAT JR. WITH BRABENDER QUADRUMAT SR. 
QUADRUMAT SR S8REAK ROLLS REDUCTION HEAD 
ROLLS: SIFTERS: 
Diameters: 2.8 inches 8 and 12 inch Tyler testing sieves 
on strand sifter 
Speed: SIFTING SCHEDULE: Break Stock: 
Fast rolls: 1200 RPM Bran: Removed after 1 min. 
Slow rolls: 560 RPM Middlings: Removed after an additional 


2 min. (3 min. total) 
Differential: 2.14 to 1 


TEMPER: 
Soft wheats 13% Reduction Stock: 3 min 
Hard wheats 14.5% 


SAMPLE SIZE: 100-500 grams tempered wheat 
(held constant within each comparison group) 


OUTPUT: 5-7 samples per hour 


Figure 2. Semi-micro experimental mill flow with the roll corrugations per inch. The break rolls have 
corrugation spirals of 1.25, 1.75, 1.88, and 1.25 inch/ft. in progressive order, and the middling reduction 
roll spirals are 1.25, 1.25, 1.25, and frosted smooth. Roll spacings for first, second and third break are 
0.035, 0.0035, and 0.002 inch respectively. The middling roils are set at 0.0015, 0.0020 and 0.0015 inch 


respectively. 
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MICRO-MILL FLOW 
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Four samples are milled and sifted 


Schematic and flow of the micro experimental mill. 
simultaneously and feed rate is held constant by a vibratory feeder. 


Figure 3. 
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MIXOGRAM REFERENCE CHART: Mixing time and mixing tolerance, two important 
baking properties of wheat flour, are determined separately from a mixogram. A 
mixogram is conducted with 10 g of flour and appropriate amount of water to give 
optimum absorption. It is really nothing more than a recording mixer reflecting the 
resistance of the dough while mixing over a period of time. Most mixograms are run 
either 7 or 8 minutes which is sufficient time for most flours to give a full picture of their 
mixing time and to show what happens when mixing continues beyond this point (mixing 
peak) as reflected in the tail of the curve and commonly referred to as tolerance. 


Final evaluation must be made with consideration given to the protein content of the flour 
because of the effect protein content has on the mixing characteristics within the same 
variety. As protein increases, mixing time will decrease with an apparent increase in 
tolerance. To illustrate this, compare #1 high (H) with #2 medium (M) and #3 low (L) 
which are typical mixograms of the club wheat Paha at 12, 9, and 6% protein, 
respectively. Similarly, 2H, 3M, and 4L are typical for Nugaines at these protein levels. 
Little change can be observed on any wheat above 13.0 or below 7.5% protein. 


This chart will be used to identify the curve characteristics which most closely fit the 
sample and will be reported as numbers 1L, 1M, 1H, etc. through 8H. 
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